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ABSTRACT	   :	   The	   natural	   preservative	   agent	   of	   hypothiocyanite	   (OSCN–)	   has	   been	   succeded	   to	   determine	   using	  
immobilized	  LPO	  onto	  various	  types	  of	  beads	  or	  matrixes:	  SP	  Sepharose	  Fast	  Flow	  (SP-­‐FF),	  SP	  Sepharose	  Big	  Beads	  
(SP-­‐BB),	   CNBr	   activated	   SP	   Sepharose	   (SP-­‐CNBR).	   Lactoperoxidase	   (LPO)	   was	   obtained	   from	   bovine	   milk.	   The	  
immobilization	   method	   was	   performed	   using	   ion	   exhange	   method	   and	   adsorption.	   Immobilized	   LPO	   onto	  
matrixes	  has	  been	  stored	  for	  7	  days	  at	  4˚C	  and	  10˚C.	  Data	  of	  the	  production	  of	  OSCN–	  were	  collected	  before	  and	  
after	   immobilized	  LPO	  storage.	  Data	  shows	  no	  remarkable	  effect	  of	  the	  production	  of	  OSCN–	  using	   immobilized	  
LPO	   stored	   at	   4˚C,	   however,	   the	   remarkable	   reduction	   has	   been	   detected	   in	   the	   production	   of	   OSCN–	   using	  
immobilized	  LPO	  that	  was	  stored	  at	  10˚C.	  As	  a	  conclusion,	  the	  7	  days	  storage	  does	  not	  change	  the	  capability	  of	  
immobilized	  LPO	  for	  producing	  OSCN	  if	  the	  immobilized	  LPO	  was	  stored	  at	  4˚C.	  	  




	   LPO	   in	   the	   combination	  with	   SCN−	   and	  H2O2,	   known	  
as	   LPOs,	   generates	   hypothiocyanite	   OSCN−	   that	   kills	  
microorganisms	   by	   oxidizing	   sulphydryl	   (–SH)	   groups	   of	  
microbe’s	  cell	  membrane	  proteins	  (Seifu	  et	  al.,	  2005,	  Touch	  
et	   al.,	   2004,	   Singh	   et	   al.,	   2009).	   LPO	   is	   a	   member	   of	   the	  
peroxidase	   family	  and	  widely	  distributed	   in	  plants,	  animals,	  
and	   human	   (Kussendrager	   and	   Hooijdonk,	   2000).	  
Hypothiocyanite	   produced	   by	   LPOs	   has	   been	   shown	   to	   be	  
effective	  against	  pathogenic	  bacteria	  (Borch	  et	  al.,	  1989)	 as	  
well	  as	  non-­‐pathogenic	  bacteria	  (Wolfson	  and	  Sumner,	  1993,	  
Fonteh	  et	  al.,	  2005,	  Wakabayashi	  et	  al.,	  2007).	  	  
	   Immobilized	  LPO	  is	  a	  very	  useful	  method	  to	  efficiently	  
produce	  hypothiocyanite	  as	  a	  preservatives	  (Al-­‐Baarri	  et	  al.,	  
2010,	  Al-­‐Baarri	  et	  al.,	  2011).	  Immobilization	  provides	  several	  
significant	  benefits	   to	  enzymes.	  One	   is	   that	   an	  enzyme	  can	  
acquire	  markedly	   high	   thermal	   and	   operational	   stability	   by	  
virtue	   of	   the	   interaction	   with	   immobilization	   matrix	   (Altun	  
and	   Cetinus,	   2007,	   Mahmoud	   and	   Helmy,	   2009,	   Iyer	   and	  
Ananthanarayan,	   2008).	   Another	   is	   that	   immobilized	  
enzymes	   are	   easily	   separated	   from	   the	   reaction	   products	  
and,	  consequently,	  reusable	  (Zhou	  and	  Lim,	  2009,	  Tzanov	  et	  
al.,	  2002,	  Choi	  and	  Yiu,	  2004).	  	  These	  features	  contribute	  to	  
reduce	   the	   cost	   of	   the	   production	   of	   chemical	   substances	  
using	  enzyme-­‐catalyzed	  reactions	  (Hwang	  et	  al.,	  2004,	  Altun	  
and	   Cetinus,	   2007).	   Such	   an	   effective	   biocatalytic	   reaction	  
(process)	   using	   immobilization	   technology	   let	   us	   challenge	  
the	  preparation	  of	  immobilized	  LPO.	  	  
	  	  	  	  	  	   Enzyme	   immobilization	   onto	   a	   support	   matrix	   is	  
achieved	  in	  three	  different	  modes:	  adsorption,	  cross-­‐linkage	  
and	   entrapment.	   In	   this	   study,	   we	   have	   attempted	   the	  
immobilization	   of	   LPO	   on	   a	   various	   support	   matrixes:	   SP	  
Sepharose	   Fast	   Flow	   (SP-­‐FF),	   SP	   Sepharose	   Big	   Beads	   (SP-­‐
BB),	   and	   CNBr	   activated	   SP	   Sepharose	   (SP-­‐CNBR).	   The	  
immobilized	   LPO	   then	   was	   used	   in	   LPOS	   reaction	   for	  
producing	   OSCN–.	   The	   used	   immobilized	   LPO	   then	   was	  
stored	  at	  4˚C	  and	  10˚C	  for	  7	  days	  to	  explore	  the	  feasibility	  of	  
production	  of	  OSCN−.	  	  
	  
MATERIALS	  AND	  METHODS	  	  
Materials	  
	   H2O2,	   KSCN,	   and	   ABTS	   as	   reaction	   substrate	   to	  
produce	  and	  measure	  the	  concentration	  of	  hypothiocyanite.	  
Rennet	  was	   used	   to	   obtain	   the	  whey.	   Sepharose	   Fast	   Flow	  
(SP-­‐FF),	   Sepharose	   Big	   Beads	   (SP-­‐BB)	   and	   activated	   CNBr	  
Sepharose	   (SP-­‐CNBr)	   were	   used.	   Fresh	   cow’s	   milk	   was	  
provided	  by	  a	  local	  dairy	  farm.	  Unless	  otherwise	  specified,	  all	  
other	  chemicals	  were	  reagent	  grade.	  	  
Purification	  of	  LPO	  
	   LPO	  was	   purified	   from	  whey	   using	  method	   that	   has	  
been	  performed	  by	  Al-­‐Baarri	  et	  al.	   (2011).	  The	  purified	  LPO	  
(89–102	  U/ml)	  was	  stored	  at	  -­‐80	  ˚C	  until	  used.	  	  
Immobilization	  procedure	  
	   Three	  kinds	  of	  SP-­‐sepharose,	  i.e.	  SP-­‐FF,	  SP-­‐BB,	  and	  SP-­‐
CNBr	  were	  used	  as	  a	  carrier	  for	  LPO	  immobilization	  and	  has	  
been	  immobilized	  using	  procedure	  of	  Al-­‐Baarri	  et.	  al.	  (2010).	  
The	  immobilized	  LPO	  then	  was	  stored	  at	  4˚C	  during	  1	  week.	  	  
Production	  of	  OSCN−	  by	  immobilized	  LPO	  
	   A	  hundred	  milligrams	  of	  immobilized	  LPO	  was	  packed	  
in	   a	   glass	   column	   connected	   to	   a	   feedback	   tubing	   with	   a	  
peristaltic	  pump.	  The	  solution	  of	  0.5	  ml	  of	  0.5	  mM	  KSCN	  and	  
0.5	   ml	   of	   0.5	   mM	   H2O2	   were	   added	   to	   the	   column	   and	  
subsequently	   circulated	   through	   the	   column	   using	   the	  
peristaltic	   pump.	   The	   OSCN−	   was	   produced	   during	   the	  
circulation	   of	   the	   substrate	   solution	   through	   the	   column.	  
OSCN−	   concentration	   was	   determined	   according	   to	   the	  
method	  of	  Aune	  and	  Thomas	  with	  minor	  modifications.	  	  
	  
RESULTS	  AND	  DISCUSSION	  
	   In	   this	   study,	   LPO	   immobilized	   onto	   matrix	   was	  
applied	   to	   produce	   OSCN−.	   Table	   1	   shows	   the	   quantitative	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evaluation	   of	   OSCN−	   produced	   using	   immobilized	   LPO.	   The	  
LPOs	  reaction	  using	  stored	  immobilized	  LPO	  produced	  0.13,	  
0.14,	   0.11,	   mM	   OSCN−	   for	   SP-­‐FF,	   SP-­‐BB,	   and	   SP-­‐CNBr,	  
respectively.	   The	   concentration	   of	  OSCN−	   using	   no-­‐storage-­‐
immobilized	   LPO	   produced	   0.13,	   0.14,	   0.12	  mM	  OSCN−	   for	  
SP-­‐FF,	  SP-­‐BB,	  and	  SP-­‐CNBr,	  respectively.	  	  
	   Data	   shows	   almost	   no	   remarkable	   effect	   to	   the	  
storage	   of	   immobilized	   LPO	   for	   producing	   OSCN−.	   The	  
durability	  of	   immobilized	  LPO	  within	  one	  week	  of	  storage	  is	  
unchanged.	   These	   facts	   imply	   that	   the	   storage	   of	  
immobilized	  LPO	  at	  4˚C	  results	  in	  a	  storage	  efficiency	  of	  LPO	  
since	  the	  immobilized	  LPO	  is	  able	  to	  stored	  with	  no	  changes	  
in	  its	  capability	  for	  OSCN–	  production.	  	  
	  
Tabel	   1.	   Concentration	   of	   OSCN–	   produced	   from	   LPOS	  
reaction	   solution	  using	   immobilized	  LPO	   that	  was	   stored	  at	  
4˚C	  	  
Concentration	  of	  OSCN–	  (mM)	  
Matrix	  
No	  Storage	   7-­‐days	  Storage	  
SP-­‐FF	   0.13	   0.13	  
SP-­‐BB	   0.14	   0.14	  
SP-­‐CNBr	   0.12	   0.11	  
	  
Tabel	   1.	   Concentration	   of	   OSCN–	   produced	   from	   LPOS	  
reaction	   solution	  using	   immobilized	  LPO	   that	  was	   stored	  at	  
10˚C	  
Concentration	  of	  OSCN–	  (mM)	  
Matrix	  
No	  Storage	   7-­‐days	  Storage	  
SP-­‐FF	   0.13	   0.11	  
SP-­‐BB	   0.14	   0.10	  
SP-­‐CNBr	   0.12	   0.08	  
	  
	   Our	   experiment	   that	   was	   showed	   in	   Table	   2	  
prompted	  to	  the	  results	  that	  storage	  at	  10˚C	  easily	  changes	  
the	  production	  of	  OSCN–	  using	  immobilized	  LPO.	  	  
	   The	   reduction	   of	   the	   OSCN–	   production	   can	   be	  
explained	   by	   the	   denaturation	   of	   LPO	   during	   storage	  	  
(Tamiya	   et	   al.,	   1985).	   Besides,	   the	   presence	   of	   natural	  
compounds	   may	   induce	   the	   reduction	   of	   LPO	   activity.	  
Lactose,	   as	   an	   original	   compound	   of	   bovine	   whey,	   has	   a	  
potent	   inhibitor	   for	   LPO	   activity	   (Al-­‐Baarri	   et	   al.,	   2010).	  
Other	   compound	   such	   as	   casein	   and	   amino	   acid	   tyrosine	  
might	  also	   inhibit	   LPO	  activity	   (Clausen	  et	  al.,	  2008;	  Fonteh	  
et	  al.,	  2005).	  SCN	  might	  also	   inhibit	  LPO	  activity	  (Reiter	  and	  
Harnulv,	  1984;	  Singh	  et	  al.,	  2009).	  	  
	   A	   loss	   of	   enzyme	   activity	   principally	   due	   to	   the	  
denaturation.	   The	   probability	   of	   denaturing	   the	   protein	  
increases	   along	   with	   the	   raise	   of	   temperature	   of	   storage	  
(Chattopadhyay	  and	  Mazumdar,	  2000;	  Klibanov,	  1979,2001;	  
Nino	   et	   al.,	   2004).	   This	   result	   might	   become	   a	   direct	  
consequence	  for	  immobilized	  LPO	  to	  store	  at	  4°C	  in	  order	  to	  
maintain	  the	  LPO	  activity.	  
	  
CONCLUSION	  
	   LPO	  was	  able	  to	  be	  adsorbed	  on	  SP-­‐FF,	  SP-­‐BB,	  and	  SP-­‐
CNBr.	  The	  LPOs	  reaction	  with	  the	  immobilized	  LPO	  produced	  
ca.	   0.08~0.15	   mM	   OSCN−	   solution.	   The	   storage	   of	  
immobilized	  LPO	  at	  4˚C	   resulted	   in	  no	   remarkable	  effect	   to	  
the	  production	  of	  hypothiocyanite	  while	  the	  storage	  at	  10˚C	  
reduced	  OSCN–	  production	  .	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